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FUEL TO ELECTRIC REUSABLE
CONVERSION KIT AND A METHOD OF

CONVERTING AND REUSING THE
CONVERSION KIT

FIELD OF THE INVENTION

The subject matter disclosed generally relates to a reus-
able kit for converting a combustion vehicle to an electric
vehicle. More particularly, the subject matter disclosed
relates to a reusable kit for converting a combustion vehicle,
having an H-Frame chassis, to an electric vehicle.

BACKGROUND

Over the last decades, interest in vehicle electrification
has been on the rise since electric vehicles are known to be
less air polluting than traditional combustion engine vehicles
and help m reducing greenhouse gas emissions. While
several manufacturers have started to develop new hybnd
vehicles and battery powered vehicles most vehicles on our
roads are still combustion engine vehicles. It 1s even more
the case for truck vehicles that are generally bigger vehicles
requiring more power than simple passenger vehicles. Large
fleets of truck vehicles, often owned by companies, munici-
palities/cities and various other government organizations,
are on the road for extensive amounts of hours and rapidly
reach a high mileage. It 1s known that accumulated mileage
on a vehicle 1s an 1ndicator of the wear sustained by the
combustion engine. Vehicles being used extensively during
a relatively short period of time present a powertrain and
more specifically a combustion engine having a short life in
comparison with the vehicle body. This results 1n having to
prematurely, replace the truck vehicle by a new truck vehicle
alter only a few years of use and incurring extensive costs.
Some have attempted to replace the powertrain of those
vehicles with electric powertrains since electric motors are
known to last longer 1n addition to being less air polluting.
In fact electric motors are known to outlast the body life of
the truck. For this reason, many have developed solutions to
convert a combustion vehicle, such as a truck, into an
clectric vehicle.

U.S. Pat. No. 35,562,178 to Worden et al. discloses a rear
drive electric vehicle and presents a vehicle layout 1n which
an electric motor 1s located at the rear of the vehicle’s rear
axle. The vehicle has an electric motor that 1s connected to
a drive shaft that drives the vehicle’s rear axle through a
rearwards facing differential. This arrangement leaves the
entire underside of the vehicle from the front axle to the rear
axle available to accommodate batteries or other large bulky
devices.

U.S. Pat. No. 9,050,897 to Collins discloses a kit for
replacing an internal combustion engine of a truck vehicle
with an electric motor, batteries and electric generator. As
much of the existing vehicle as possible 1s left unmodified so
that the 1inclusion of the kit with the existing vehicle can be
as stmple as possible. However since different vehicles have
a volume and geometry of space available after the internal
combustion engine has been removed and have a variety of
different orientations of drive shaft, the kit must be config-
ured diflerently for each vehicle with which 1t 1s intended to
be used, to simplify the installment of the kit.

Even though many have attempted in simplifying the
replacement of an original powertrain by an electric pow-
ertrain, the above mentioned references do not disclose a
way to convert a combustion engine vehicle into an electric
vehicle that still follows the various safety regulations as 1s
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2

the case for the combustion engine vehicle originally
released by the manufacturer. Therefore there 1s a need for
a kit and method of converting a combustion engine vehicle
to an electric vehicle that follows the same safety regulations
while still remaining simple to convert. Moreover, the above
mentioned references do not disclose a conversion kit that 1s
reusable.

SUMMARY

The present embodiments describe a reusable kit for
replacing the engine of a vehicle, such as a pick-up truck
type vehicle that uses an H-frame chassis.

Various embodiments ofler various advantages, including
faster installation of the electric motor system, ease of
integration with the original vehicle’s systems including, but
not limited to, air conditioning, power steering, power
braking, anti-lock braking/skid control, heating and other
accessories, and avoiding impedance of chassis crumple
during a front impact.

Inventive {features of the conversion kit, truck-type
vehicle, frame and method of converting a vehicle to an
clectric vehicle as defined 1n the appended claims.

Features and advantages of the subject matter hereot will
become more apparent in light of the following detailed

description of selected embodiments, as 1illustrated in the
accompanying figures. As will be realized, the subject matter
disclosed and claimed is capable of modifications 1n various
respects, all without departing from the scope of the claims.
Accordingly, the drawings and the description are to be
regarded as illustrative 1n nature, and not as restrictive and
the full scope of the subject matter 1s set forth 1n the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

Further features and advantages of the present disclosure
will become apparent from the following detailed descrip-
tion, taken 1 combination with the appended drawings, in
which:

FIG. 1 presents a perspective view ol a truck vehicle
having an H-frame chassis 1in phantom lines according to the
prior art;

FIG. 2 presents a top perspective view of the chassis of
FIG. 1 illustrated with the vehicle powertrain and running
gear components mounted thereto according to the prior art;

FIG. 3 presents an original combustion engine of the
vehicle next to an electric motor, according to one embodi-
ment;

FIG. 4 presents an original transmission of the vehicle
next to a replacement transmission adapted to the electric
motor of FIG. 3, according to one embodiment;

FIG. Sa presents an electric vehicle conversion kit com-
ponent having a frame to which can be mounted the electric
motor and the replacement transmission of FIGS. 3 and 4
and having mounting systems adapted to attach to the
chassis of FIG. 1, according to one embodiment;

FIG. 5b presents the electric vehicle conversion kit of
FIG. 5a mounted to the chassis of FIG. 1, according to one
embodiment;

FIG. 6a presents an electric vehicle conversion kit having
a frame to which can be mounted the electric motor and the
replacement transmission of FIGS. 3 and 4, the frame being,
mounted to the chassis of FIG. 1, according to an alternate
embodiment;

FIG. 6b presents an electric vehicle conversion kit
mounted to the chassis of FIG. 1, the conversion kit having
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the frame of FIG. 6a to which 1s mounted the electric motor
and the replacement transmission of FIGS. 3 and 4, accord-

ing to one embodiment;

FIG. 7a presents the electric vehicle conversion kit of
FIG. 5aq having additional cross-members adapted to support
batteries, according to one embodiment;

FIG. 7b presents the electric vehicle conversion kit of
FIG. 7a mounted to the chassis of FIG. 1 and having
mounted thereon a set of batteries, motor and transmission,
according to one embodiment;

FIG. 7¢ presents the electric vehicle conversion kit of
FIG. 6a having additional cross-members adapted to support
batteries, according to an alternate embodiment;

FIG. 7d presents the electric vehicle conversion kit of
FIG. 7¢ mounted to the chassis of FIG. 1 and having
mounted thereon a set of batteries, motor and transmission,
according one embodiment;

FIG. 8 presents a method of converting a vehicle to an
clectric vehicle, according to one embodiment;

FIG. 9 presents a method of 1nstalling a kit into a vehicle
to be converted, according to one embodiment;

FIG. 10 presents a method of removing a kit from a
vehicle for reusing the kit 1in another vehicle, according to
one embodiment;

FIG. 11 presents a method of assembling a kit, according,
to one embodiment;

FIG. 12 presents a block diagram of a vehicle control
system of a converted vehicle having a universal controller
adapted to communicate with various control subsystems of
the vehicle, according to one embodiment;

FIG. 13 presents a block diagram of the vehicle control
system of FIG. 12 having the universal controller adapted to
communicate with various control subsystems of the origi-
nal vehicle as well as with additional subsystem modules of
the conversion kit; and

FI1G. 14, appearing on the sheet of drawings with FIG. 12,
presents a process flow diagram illustrating a method of
controlling a powertrain of by the universal controller
according to information from a safety subsystem of the
vehicle control system of FIG. 12.

It will be noted that throughout the appended drawings,
like features are identified by like reference numerals.

DETAILED DESCRIPTION

The embodiments describe a conversion kit for converting
combustion vehicles into electric vehicles, a method of
converting combustions vehicles into electric vehicles and
also.

Suitable for frame vehicles, the kit provides a frame to be
mounted on the chassis with attachment devices at a head
section and at a middle section of the frame that supports an
clectric motor, a transmission and at least one battery
system. Replacement of the conventional engine and trans-
mission by the frame-mounted unit can be fast. In this way,
said frame and/or said attachment devices allow for said
chassis to crumple during a front impact without offering
any significant additional resistance. The frame can be
attached at the middle section using shear bolts to avoid
impeding a crumple of the chassis during a front impact.

The present invention will be more readily understood by
referring to the following examples which are given to
illustrate the invention rather than to limit 1ts scope. The
examples are provided with respect to a given type of
vehicles namely pick-up trucks. However, the embodiments
can be applied to any type of vehicle such as a Ford
Econoline™, a pick-up truck, a bus, a specialize transport
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4

vehicle such as a mail delivery truck, a food truck, a
handicap transportation vehicle and or any other type of
vehicle having an H-frame chassis structure or that 1s not a
umbody frame vehicle

With reference to FIG. 1, there 1s presented a perspective
view of a chassis 14 positioned 1 a truck vehicle 10. The
chassis 14 1s the underpart of the vehicle 10 and consists of
an internal framework for supporting a body 12 of the
vehicle 10. In the case of a conventional truck vehicle 10, a

running gear 1s attached to the chassis 14. As illustrated in
FIG. 2, runming gear elements such as a combustion engine,
a transmission, a wheel axle, an exhaust and a fuel tank are
attached to the chassis 14. Alone, the chassis 14 includes two
beam-like supports 100 that are parallel to each other and
linked by a plurality of cross members 102 and 103 adapted
to support the runming gear elements. More particularly,
cross member 103 1s adapted to support at least in part an
original transmission 108.

Every vehicle design that 1s allowed to circulate on public
roads must first be approved by various regulatory bodies.
That 1s, every part of a vehicle 1s carefully designed and
configured i order to satisly, among others, the safety
requirements provided by the regulatory bodies. The chassis
14 being a central structural element of the vehicle 10,
undergoes strict safety measures belfore being approved.
Since each type of chassis 14 commercially sold 1in truck
vehicles 10 has undergone rigorous approval processes, 1t 1s
desirable to limit, 1f any, the amount of structural modifi-
cations to the chassis 14, when mounting an electric con-
version kit on the chassis 14.

Consequently, various embodiments of the invention
replace the original combustion motor or engine of the
vehicle by an electric motor and replace the original trans-
mission that 1s associated with the original engine by an
adapted transmission without modifying the chassis 14.
With reference to FIGS. 3 and 4, the embodiments replace
the engine 104 with the electrical motor 106, and replace the
original transmission 108 with an adapted transmission 110.
As can be noticed, the electric motor 106 and adapted
transmission 110 are of a smaller dimension than that of the
original engine 104 and original transmission 108 of the
vehicle 10 as commercially sold. A replacement of those
clements attached to the existing chassis 14 can be chal-
lenging.

As further presented in FIG. 5q, the frame 520 has a
frontal portion 510 and a rear portion 3512. The frontal
portion 510 1s adapted to support at least one battery pack
and the rear portion 512 1s adapted to support the electric
motor 106 as well as the adapted transmission 110 with plate
514. In this frame 520, the frontal portion 510 1s operatively
clevated with respect to the rear portion 512, in order to
provide space for supporting at least one battery pack 602
from operatively above the frame 520 as well as at least one
other battery pack 604 from operatively below the frame
520, as concurrently presented 1n FIG. 6b.

In the above mentioned embodiments of FIGS. 5a and 55,
the frame 520 1s made from square steel tubing having a
gage of 4 of an inch. However, a skilled person will
understand that other types of material such as aluminum or
stainless steel can be used and that other types of tubing (ex.:
round tubular), folded metal (ex.: c-channel) or casting (ex.:
H-beam) profiles are possible without departing from the
scope of the present frame 520. For instance, the tubing used
in the frame 3520 of FIGS. 6a and 65 1s a c-channel folded

metal that 1s lighter than the square steel tubing of the frame
520 1n FIGS. 5a and 5b.
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As presented in FIGS. 556 and 6a, the frame 520 1s
dimensioned to lie above the chassis 14 between the two
beam-like supports 100 at a frontal section 614 of the chassis
14, such as to fit at least within the space that was originally
defined to accommodate the combustion engine 104 and
original transmaission 108, when mounted with the electric
motor 106 and adapted transmission 110. According to one
embodiment, the frame 520 1s attachable to the chassis with
the cross member 103 and the original motor mounting,
supports 504, originally designed to support the original
transmission 108 and the original motor 104 respectively.

A skilled person will recognize that 1n some embodi-
ments, the transmission 110 1s not required and the frame
520 1s adapted to receive only the electric motor 106 and
associated battery packs 602. For instance, 1t 1s known that
direct drive electric motors do not require a transmission.
The electric motor 106 of such a type can be specially
designed to fit on the frame 520 or the frame 520 could be
modified according to the design and dimensions of the
clectric motor 106.

Moreover, a skilled person will recognize that 1s some
embodiments, the original transmission 108 can be reused
and connected to the electric motor 106. In such embodi-
ments, the frame 520 i1s adapted to receive the bulkier
original transmission 108 or even a similar transmission to
the original transmission 108 and 1if required, the plate 514
of FIG. 5a 1s adapted to support the original transmission
108.

Cross Member Attachment

According to one embodiment and as further presented 1n
FIG. 5b, the rear portion 512 of the frame 520 1s attached to
the cross member 103 of the chassis 14 such as with
C-clamps or U-bolts. The frame 520 i1s attached to the
chassis 14 without having to moditly the chassis 14 and even
without having to drill holes within the chassis 14 structure.
However, 1n some cases, bolts or screws can be used to
further secure the frame 520 to the chassis 14. Moreover, in
conformity with safety regulations, the frame 520 1s attached
to the cross member 103 with shear-bolts.

Depending on the vehicle type or make, the cross member
103 shape size or form can differ from one vehicle 10 to
another. In order to facilitate and to expedite the conversion,
some modifications to the chassis 14 may be required. For
instance, according to one embodiment and as presented 1n
FIG. 6a, the original cross member 103 1s replaced with an
adapted cross member 603 for attaching the rear portion 512
of the frame 520 thereto at predetermined attachment loca-
tions and with suitable predetermined attachments such as
bolts, screws or shear-bolts. Customization of the attach-
ments 1s thereby avoided when converting a different type or
make of vehicle 10. Moreover according to one embodi-
ment, the adapted cross member 603 1s mounted on the
chassis with nuts and bolts that reuse holes 1n the chassis that
were 1nitially used to support the original cross member 103,
thereby limiting structural changes to the chassis.

According to another embodiment, an adapter plate (not
shown) 1s used for interfacing between the frame 520 and the
cross member 103. The adapter plate 1s attachable to the
cross member 103 and the frame 520 1s mountable on the
adapter plate. For instance, the adapter plate 1s attachable to
the cross member 103 with c-clamps or u-bolts, without
modilying or piercing the cross member 103 and the frame
520 1s attachable to the adapter plate using shear bolts. The
shear bolts are used to secure the frame 520 to the cross
member 103 via the adapter plate but are conceived to break
ofl during a collision, 1n compliance with current safety
standards and regulations. This way, the chassis 14 including
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the original cross member 103 remain unaltered and a same
frame 520 design can be used 1rrespective of the vehicle type
or make, only the adapter plate may require customization.
In fact, for most common vehicle types and makes, the
adapter plates can be manufactured 1n large numbers accord-
ing to the specific original cross member 103 size, form and
shape for the most common vehicle types and makes. During
the conversion, a simple selection of an appropriate adapter
plate according to the vehicle type and make would only be
required.

A skilled person will understand that any other type of
suitable attachment can be used to secure the rear portion
512 of the frame 520 to the cross member 103, while
limiting modifications of the chassis 14, without departing
from the present conversion kit 500.

Motor Mounting Attachment

According to one embodiment, 1n order to facilitate the
conversion of the original vehicle 10 to an electric vehicle 10
without having to modily the existing chassis 14, there 1s
provided a conversion kit 500 having a frame 520, as
presented 1n FIG. 5aq. The frame 520 1s designed and
dimensioned to be mounted on the existing chassis 14 while
being adapted to recerve, among others, the electric motor
106 and the adapted transmission 110. In one example, the
frame 520 1s secured to the chassis 14 with brackets 502 that
are adapted to attach to the original motor mountings 504 of
the chassis 14 without requiring modifications to the chassis
14, as concurrently presented in FIG. 5b.

A skilled person will understand that the design, size and
configuration of the brackets 502 can differ from one kit 500
to another and that the brackets 502 are adapted to the size
and configuration of the frame 3520 and original motor
mountings, i order to provide a secure attachment thereto.

Moreover, a skilled person will understand that an adapter
plate can be used as an interface between the brackets 502
and the original motor mountings in order to avoid custom-
1zing the brackets 502 for specific motor mountings design,
s1ize and configuration, depending on the vehicle type or
make.

Additional Cross Members

According to one embodiment and as presented 1n FIGS.
7a and 7bh, the kit 500 further includes one or more addi-
tional cross members 122 which are designed to attach and
fit between the main beam supports 100 at a central section
of the chassis 14 using screws 702 or any other suitable
attachment or combination of attachments. The additional
cross members 122 are adapted to receive thereon one or
more battery packs for powering the motor 106 while
maintaining a passage for a rotation shaft 126 connected
between the transmaission 110 and the rear wheel differential
(not shown).

According to another embodiment and as presented 1n
FIGS. 7¢ and 7d, the kit 500 includes a plurality of addi-
tional cross members 122 which are designed to attach and
fit between the main beam supports 100 at a central section
of the chassis 14 using end supports 704 and u-bolts 706 for
clamping onto the main beam supports 100, without piercing
or modilying the main beam supports 100. These additional
cross members 122 are adapted to receive thereon one or
more battery packs for powering the motor 106 while
maintaining a passage for a rotation shaft 126 connected
between the transmission 110 and the rear wheel ditferential
(not shown).

In a non-limiting example of configuration, the battery
packs are provided on each side of the rotation shaft 126, as
presented 1 FIGS. 76 and 7d. As shown 1n FIG. 7b, the

battery packs are dimensioned and placed 1 order to
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securely it between the two support members 100 as well as
between the additional cross members 122. As shown in
FIG. 7d, the battery packs are dimensioned and placed 1n
order to securely fit between the support members 100 while
extending over a plurality of cross members 122, on either
side of the rotation shaft 126.

Method of Converting a Vehicle

Presented in FIG. 8 1s a method of converting a combus-
tion engine vehicle to an electric vehicle using the electric
conversion kit 800. In general, the method 800 consists of
first removing combustion motor related parts from the
donor vehicle (i.e. original combustion engine vehicle), then
installing the conversion kit into the vehicle and then
installing and connecting all accessory equipment.

In more detail, according to one embodiment, the remov-
ing combustion motor related parts from the vehicle consists
of emptying the fluids of a donor vehicle 810, removing the
combustion motor and transmission from the donor vehicle
812 and removing any other obsolete equipment from the
donor vehicle 814, such as the fuel tank, mufller, alternator,
vehicle management unit (VMU), etc.

FIGS. 8 and 9 present sequence diagrams of a method of
installing the kit into the vehicle 816, according to one
embodiment. The method 816 consists of first removing a
front portion of the vehicle 910 such as removing the hood,
bumper, radiator frame, headlamps and front cosmetics from
the vehicle so as to provide a large enough opening in order
to pass the kit therethrough. Removal of the front portion 1s
optional, however 1t can facilitate installation of the kit
frame. The method 816 further comprises selecting suitable
motor mounting brackets 912 that are adapted to securely
attach to the original motor mountings of the chassis 14.
Then lifting and inserting the kit 914 from the previously
provided opeming 1n the front of the vehicle. Note that at this
step, the kit 500 must have been assembled such that the
clectric motor 106, the front battery packs (602 or 604) and
the transmission 110 are securely mounted on the frame 520,
as presented 1n FIG. 11 (1.e. by mounting the electric motor
on the frame 1112, mounting the transmission on the frame
and connecting the transmission to the motor 1114, and
mounting the front battery pack on the frame 1116).

Once positioned 1n the vehicle, the rear portion of the kat
(1.e. rear portion 512) 1s attached 916 to the dedicated cross
member and the front portion of the kit 1s secured 918 to the
original motor mountings. Once the kit 500 securely
attached to the chassis 14, the driveshatt 1s installed 920 and
connected to the transmission. Note that the driveshaft 1s the
original driveshaift that can be adjustably cut to size 1n order
to fit with the kit 500, however 1n some cases it might be
desirable to replace the original driveshaft with one that has
a better {it. The original vehicle drivetrain including the rear
differential and rear axle 1s normally reused, or 1t can be
replaced 11 desired. In the case that the vehicle originally had
a four wheel drive train, the transmission i1s connected 1nto
the four wheel drivetrain which can also include a transier
case. I desired, the additional cross members 122 are
installed from underneath the vehicle 10 with the rear
battery packs mounted thereon 922. Afterwards, the front of
the vehicle 1s reassembled 924 by for instance, installing the
hood, bumper, radiator frame, headlamps and front cosmet-
ics. In some instances, the radiator frame i1s replaced by
additional equipment related to the electric conversion kit
such as an HVAC compressor, a cooling pump and a power
steering pump. According to one embodiment, the electric
system 1ncludes a TM4™ motor controller, the electric
motor 106 and an auxiliary 12 Volt charger. The TM4 motor
controller 1s an example of an electric vehicle motor con-
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troller that allows DC power from the battery to be con-
verted 1nto the desired electric motor voltage. It can also
convert regenerative braking power from the electric motor
and store such power 1n the battery.

Returning to FIG. 8, the method 800 further includes
installing 818 accessory equipment into the vehicle such as

installing an adapted HVAC system, a universal controller,
etc.

Then connecting 820 all the accessory equipment
together. The accessory equipment can include new equip-
ment such as accessory equipment associated with hosing,
high voltage, low voltage and communications and also
original components of the vehicle that were temporarily
removed. Such components 1include for instance, the head-
lamps, the flashers, the horn, efc.

Accessory equipment associated with hosing can include
the air-conditioning system, the cooling pipes of the main
circuits, the steering system, the vacuum pump and the
heating system. For the air-conditioning system according to
one embodiment, a compressor and the original heat-ex-
changer (1.e. condenser) are mounted on the radiator mount-
ings and are connected together and those units are recon-
nected to the original associated components of the vehicle
such as an original control system and an original duct
system (further presented as the environment control system
1208 of FIG. 13). For the cooling hoses of the main circuits
(1.e. the motor controller), those are connected to a small
radiator (not the original radiator) and an electric pump. The
cooling hoses are attached to the electric motor 106, motor
controller and auxiliary charger in order to cool them down
during operation. For the steering system, the power steering
pump (further presented as power steering pump 1314 in
FIG. 13) can be mounted on the original radiator frame and
connected to a dedicated electric motor. Adapted new hoses
or hydraulic circuitry 1s further connected to the power
steering pump 1314 and to an original steering power assist
hydraulic motor unit 1212 for the original steering column,
as concurrently presented in FIG. 13. The vacuum pump
1312 1s mounted on the original vacuum booster of the
original braking system power assist 1214, as concurrently
presented 1n FIG. 13. For the heating system, a new heating
umt mounted on the truck heats and pumps tluid that 1s
connected to an original heating system of the vehicle 14.

Accessory equipment associated with high voltage can
include connecting high voltage lines between the main
battery system (602 and 604) battery packs mounted on
additional cross members 122 as presented i FIGS. 6, 75
and 7d. Accessory equipment associated with high voltage
can also include mounting the air conditioning compressor
to an original radiator frame and connecting the air condi-
tioning compressor to the main battery system (602 and 604 )
for powering the air conditioning compressor.

Accessory equipment associated with low voltage and
communications include connecting the auxiliary 12 Volt
battery to the universal controller (1202 of FIG. 12), com-
munications system for the rear battery pack (battery packs
mounted on additional cross members 122 of FIGS. 75 and
7d), steering pump, cooling pump, cooling fan, heating
system, charging outlet communication, vehicle’s commu-
nication interface, extra communication (CAN) bridge for a
limited access communication interface and HVAC commu-
nication.

Moreover, other accessory equipment can also be con-
nected such as the transmission arm wires related to the
various drive positions: Park, Reverse, Neutral, Drive on the
steering column within the cabin.
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Method of Reusing the Kit

According to one embodiment, the conversion kit can be
reused such as when the body of the vehicle 10 has come to
the end of 1ts life. Indeed as electric motors are adapted to
function during an extended period of time, such as a total
of twenty-thousand (20,000) hours or one-million (1M)
kilometers, before having to be replaced. The electric con-
version kit can function well beyond the life of the vehicle’s
body. Consequently, the electric conversion kit 1s configured
to be reused from one vehicle to another. In order to reuse
the electric conversion kit, i1t must first be removed from a
first vehicle and be installed 1n a second vehicle that requires
being converted.

FIG. 10 presents a method of removing a kit 1000 from
a vehicle having a worn out body. The method 1000 can
consist of removing a front of the vehicle 1010, such as
removing the hood, bumper, radiator frame, headlamps and
front cosmetics from the vehicle so as to provide a large
enough opening to retrieve the kit from the vehicle. If
required, the method 1000 further consists of removing rear
battery packs and associated cross members from under-
neath the vehicle 1012. Then removing the driveshaft from
the transmission 1014 and securing the kit to the anchor
points of the lift 1016. Once the kit securely anchored to the
lift, detachung the kit from the original motor mountings
1018 and detaching the kit from the center cross members
1020 for allowing a lifting out of the kit through the front
opening 1022. If desired, the front of the vehicle can further
be reassembled 1024.

The kat that has previous been removed from a worn out
body vehicle such as according to the method 1000 can be
reinstalled into a donor vehicle as presented 1n the method
of converting a combustion engine vehicle to an electric
vehicle using the electric conversion kit 800 of FIG. 8. This
way, the kit can be reused in another vehicle, such as 1 a
vehicle having a younger body or at least having a body that
1s less worn out.

Universal Controller

According to another aspect, when the vehicle gets con-
verted to an electric vehicle, the original vehicle computer or
Vehicle Management Unit (VMU) 1s unable to control the
new electric powertrain components such as the electric
motor and adapted transmission. Therefore the original
vehicle computer must be replaced with a controller that 1s
adapted to communicate and control the electric power train
as well as other subsystems of the vehicle. Presented 1n FIG.
12 1s a vehicle control system 1200 having a universal
controller 1202 that 1s adapted to control the electric pow-
ertrain subsystem 1204 as well as the driver interface
subsystem 1206, the environmental control subsystem 1208
and the safety subsystem 1210.

For better understanding, the electric powertrain subsys-
tem 1204 includes at least the electric motor and transmis-
sion. The driver interface subsystem 1206 includes the
pedals, the dashboard indicators, the antitheft device, or any
other device that would allow the driver to interface with the
vehicle and control the electric powertrain subsystem. The
environmental control subsystem 1208 includes modules
such as the heating module and the cooling module for
controlling the cabin temperature, for instance. The safety
subsystem 1210 includes various vehicle and driver safety
modules such as the anti-lock braking system (ABS), the
clectronic stability control (ESC) system, the airbag system,
etc.

Moreover, as presented i FIG. 13 according to one
embodiment, the universal controller 1202 1s further adapted
to control other systems of the vehicle such as an electric
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HVAC (Heating, Ventilation and Air Conditioning) control-
ler 1302, a principal battery charger controller 1304, a
Battery Management System (BMS) 1306 and an auxﬂlary
battery charger controller 1308 or any other accessory
equipment controller 1310 adapted for the electric vehicle
such as, for instance, a power steering pump 1314 and a
vacuum pump 1312.

According to one embodiment, the original HVAC system
1s replaced by the electric HVAC system 1302. As opposed
to the original HVAC system, the electric HVAC system
1302 includes an air conditioning unit that runs with an
clectric compressor rather than a belt driven compressor
powered by the combustion engine. In this embodiment as
concurrently presented 1n FIG. 6, the electric compressor 1s
powered by the main battery pack (602 or 604) and uses the
original heat-exchanger and most of the original associated
conduits 1 order to maximize original component reuse.
Note that a dedicated battery adapted to provide enough
power to the electric compressor 1s also possible. In this
embodiment, the electric compressor 1s mounted on the
original radiator frame, however, the electric compressor
could as well be mounted at another location such as on the
chassis and frame.

Also, as opposed to the original HVAC system, the
clectric HVAC system 1302 includes an autonomous heating
unit rather than relying on the original combustion motor as
a heat source. In fact, heat generated by the electric motor 1s
negligible compared to the heat generated by the original
combustion motor and the electric HVAC system cannot rely
on the electric motor as a heat source. According to one
embodiment, the autonomous heating unit 1s a small heating
unmit that 1s adapted to efliciently burn diesel fuel and 1s
connectable to the original heating system (1.¢. heating ducts
and controls shown here as environment control 1208). In
this case, the replacement heater can heat a coolant fluid,
such as to eflectively replace the original combustion motor
as a heat source, and connects the heater to the original
heating system. This solution could be appreciated by work-
ers seeking to keep warm during waiting periods. In fact, 1n
cold climates, fleet vehicles are kept running on idle for
hours just to keep the cabin warm in order to allow the
workers to heat themselves. An electric solution would drain
the batteries, where a diesel solution uses very little fuel and
1s much more eflicient that an 1dling vehicle.

The skilled person will however recognize that any other
type of autonomous heating unit connectable to the original
heating system can be installed 1n the converted vehicle such
as an electric heater. The electric heater could advanta-
geously permit pre-heating of the cabin while connected to
a battery charging station.

According to another embodiment, the original belt
driven alternator 1s replaced by an auxiliary battery adapted
to be controlled by the auxiliary battery charger 1308 and
adapted to provide a 12V DC current for operating various
vehicle accessories such as the vehicle headlights, dash-
board lights and cabin lights, the wipers, the heated rear
windows, the power steering system or any other type of
vehicle accessories requiring a 12V DC current. The auxil-
1ary battery charger 1308 1s powered by the principal battery
pack, such as battery packs 602 and 604 of FIG. 65.

According to yet another embodiment and as further
presented 1 FIG. 13, some components of the original
hydraulic power steering system are replaced. The original
power steering pump 1s replaced by a new pump 1314 that
1s actuated by a dedicated electric motor. In the original
vehicle, the power steering pump 1s powered by the com-
bustion engine via a belt and pulley system. Moreover, the




US 10,183,698 B2

11

hydraulic circuit connected to the original power steering
pump 1s also replaced by a new hydraulic circuit. The new
hydraulic circuit 1s adapted to connect to the new pump 1314
and original steering power assist hydraulic motor unit 1212
for the original steering column (shown as driver interface
1206). In fact, the original steering column remains
untouched and the associated safety features are maintained.
In this embodiment, the new pump 1314 1s mountable on the
original radiator support of the vehicle 10, however the new
pump 1314 can be mounted at another location, such on the
chassis 14 or on the frame 520 1itself. A skilled person will
recognize that i1t 1s possible to modulate the power of the
new pump 1314 according to an applied force on the steering
system. Moreover, the skilled person will further recognize
that the original hydraulic power steering system can be
replaced by an electric power steering system, altogether.

According to yet another embodiment and as further
presented 1 FIG. 13, some components of the original
braking system are replaced. For instance, the intake of the
original combustion engine creates a vacuum pressure that 1s
used for increasing a force applied to the master cylinder of
the braking system. The vacuum pressure 1s applied to a
vacuum booster of the braking system power assist unit
1214 that 1s connected to the brake pedal (shown here as
driver interface 1206). Since the original combustion engine
104 1s replaced by the electric motor 106 and since the
clectric motor 106 does not create a vacuum pressure, a
vacuum pump 1312 i1s added for creating the vacuum
pressure required by the braking system power assist unit
1214. As can be noticed in FIG. 13, the braking system
power assist unit 1214 of the original vehicle 1s maintained.
The vacuum pump 1312 1s mounted on the chassis 14 beside
the vacuum booster of the braking system power assist unit
1214 1n order to minimize hosing required to connect the
two. However a skilled person will recogmize that the
vacuum pump 1312 can be mounted at another location on
the chassis 14 or on the frame 520.

Each module of the subsystems (1204, 1206, 1208 and
1210) transmits various encoded data to the universal con-
troller 1202 that are, in many cases, car manufacturer
specific. However, the modules of the driver interface sub-
system 1206 and the environmental control subsystem 1208
transmit simple data that can easily be decoded. The uni-
versal controller 1202 can be easily adapted to decode and
properly process the data recerved from those subsystems
(1206 and 1208), according to a car manufacturer. For
instance, control of the transmission 110 can be done from
the cabin of the truck using an adapted control system (not
shown). According to one embodiment, the control system 1s
adapted to provide a command to the electric motor 106
based on a detected movement of a conventional transmis-
sion arm located within the cabin. The transmission arm
being a conventional transmission arm that 1s generally
located near the steering wheel, or the central console, such
that the driver can readily control, in order to change speed.

On the other hand, the modules of the safety subsystem
1210 transmit more complex data that 1s not as easily
decoded. Moreover, data transmitted from the modules of
the safety subsystem 1210 often refer to a predefined algo-
rithm that 1s internal combustion engine specific.

According to one embodiment, the universal controller
1202 1s adapted to receive an encoded event code from the
satety subsystem 1210. However, rather than decoding the
event code and processing the event code 1n order to apply
a specific predefined algorithm as 1n the original vehicle, the
universal controller 1202 systematically applies an algo-
rithm that 1s based on an adaptable non-linear decreasing
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torque curve, irrespective of an information content of the
encoded event code. For instance, the algorithm applies the
following formula: Torque Reduction=II 1(1,), where 1, are
information types such as: speed, time, torque, rpm, etc. The
occurrence of an event 1s easily identifiable by the universal
controller 1202 and the universal controller 1202 1s adapted
to process the occurrence of an event without having to
decode the event type or information content stored in the
event code and still maintain an acceptable safety level for
the vehicle and the passengers.

For instance, presented i FIG. 14 1s a method of con-
trolling an electric motor 1400, when the universal control-
ler 1202 reads or receives 1402 from the safety subsystem,
an event code indicative of an enabled status flag 1404, the
umversal controller 1202 sends instructions to the electric
powertrain subsystem 1204 1n order to reduce an output
torque of the electric motor 1408, irrespective of the infor-
mation content of the event code. As indicated 1n FIG. 14,
the universal controller 1202 first reads a vehicle informa-
tion 1406 and applies an algorithm to adaptively reduce the
torque of the motor. Depending on the context, various
vehicle information can be considered in order to adaptively
reduce the torque of the motor, for instance, the vehicle
information can include a vehicle speed, an applied torque
of the motor or an RPM (Rotation Per Minute) of the motor,
etc.

According to one embodiment, when the universal con-
troller 1202 receives an event code from the ESC (Electronic
Stability Control) module of the safety subsystem, the
universal controller 1202 verifies 1f the event code 1indicates
an enabled flag and also verifies a duration of the enabled
flag (1.e. time duration since the flag has been enabled). If the
event code mndicates an enabled flag, the umiversal controller
1202 generates 1nstructions to the electric powertrain sub-
system 1204, according to the duration time of the enabled
flag, the vehicle information and an algorithm in order to
adaptively reduce the torque of the motor.

While preferred embodiments have been described above
and 1illustrated 1n the accompanying drawings, 1t will be
evident to those skilled 1n the art that modifications may be
made without departing from this disclosure. Such modifi-
cations are considered as possible variants comprised 1n the
scope of the disclosure.

For mstance, connected to the battery packs 602 and 604
1s a charger (not shown) that 1s placed right above the battery
pack 602. A skilled person will understand that the charger
could be placed at another location on the frame or else-
where 1n the vehicle, without departing from the scope of the
present ivention. Moreover, the charger could further
replace the battery pack 602 and be mounted right on the
frame 320.

Also, a motor controller (not shown) adapted to control
the electric motor 106 can be placed 1n various locations of
the vehicle, 1In one embodiment, the motor controller is
placed right in front of the frame 520. Moreover, the
auxiliary 12 Volt battery charger 1308 can also be mounted
in front of the frame 520, for instance.

The mvention claimed is:

1. A kat for converting an internal combustion vehicle mto
an electric vehicle, the combustion vehicle having a chassis
originally adapted to support an original engine at a head
section of said chassis and originally adapted to support an
original transmission connected to said original engine at a
middle section of said chassis, the chassis further adapted to
support a fuel tank and an exhaust system at a tail section,
the kit comprising:
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a frame adapted to be mounted on the chassis with vehicle
model specific attachment devices at the head section
of the chassis and at the middle section of the chassis;

an electric motor and an electric motor mounting for
attaching the electric motor to said frame;

a replacement transmission adapted to the electric motor
and a transmission mounting for attaching the trans-
mission to said frame and connectable to the electric
motor; and

at least one battery system adapted to feed the electric
motor and attachable to the frame;

wherein the kit further comprises a universal controller
adapted to connect to an original vehicle control system
communication port and adapted to control the electric
motor according to an encoded event flag activated by a
safety subsystem module of said original vehicle control
system without decoding the encoded event, the safety
subsystem module being connected to the original commu-
nication port.

2. The kit as claimed 1n claim 1, wherein said frame has
a frontal portion that 1s attachable to the chassis 1n alignment
with the head section.

3. The kat at claimed 1n claim 2 wherein the frontal portion
1s attachable to the chassis at an original engine mounting at
the head section.

4. The kit of claim 2, further comprising an adapted
interface plate for securely attaching the frontal portion to
the chassis or for securely attaching the rear portion to the
chassis.

5. The kit as claimed 1n claim 1, wherein said frame has
a rear portion that 1s attachable to the chassis 1n alignment
with the middle section.

6. The kit as claimed in claim 5, wherein the rear portion
1s attachable to a cross member of the chassis at the middle
section.

7. The kit as claimed in claim 6, wherein the {frontal
portion has a first battery attachment platform positioned at
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an upper side of the frontal portion and a second battery
attachment platform positioned at a lower side of the frontal
portion.

8. The kit as claimed 1n claim 1, wherein said frame has
a frontal portion and a rear portion, the frontal portion being
operatively elevated with respect to the rear portion.

9. The kit as claimed in claim 1 further comprising
additional cross sections adapted to support additional bat-
tery packs connectable to the electric motor, the additional
cross sections being attachable to the chassis at the tail
section.

10. The kit as claimed 1n claim 1, wherein the universal
controller 1s adapted to control the electric motor according
to an adaptable non-linear decreasing torque curve when the
encoded event flag 1s activated, and to restore normal torque
when the encoded event flag 1s no longer activated.

11. The kit as claimed in claam 1 wherein the safety
subsystem module 1s an ESC module or an ABS module.

12. The kit as claimed 1n claim 1, wherein said chassis 1s
an H-frame chassis of a pick-up truck type vehicle having a
raised head section and a lower middle section.

13. The kit as claimed 1n claim 1, wherein said attachment
devices at the head section are configured to connect to
engine mounting block supports of said chassis.

14. The kit as claimed 1n claim 1, wherein at least one of
said frame and said attachment devices allow for said
chassis to crumple during a front impact without oflering
any additional resistance.

15. The kit as claimed 1n claim 14, wherein said attach-
ment devices at the middle section comprise shear bolts for
detaching from said chassis during a front impact that causes
said chassis to crumple, said frame remaining supported by
said attachment devices at the head section following a front
impact.

16. A pick-up truck type vehicle comprising the kit as
claimed 1n claim 1.
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